Previous studies have shown that the flare activity of solar active regions is intrinsically linked with the vorticity of solar subsurface flows on spatial scales comparable to the size of active regions and on temporal scales from days to the lifetime of active regions (Komm et al. 2010; Reinard et al. 2010). We derive the vorticity vector and the kinetic helicity density of subsurface flows applying ring-diagram analysis to Global Oscillation Network Group (GONG) data. We are studying the temporal evolution of these subsurface quantities and their relation to magnetic flux and flare activity of active regions. Here, we focus on flows derived from shorter times series of 8 hours and compare them to daily values. The "dipolar" helicity pattern, a characteristic of strong flare-productive active regions, is present in the flows derived from 8-hour time series. Weak non-flaring active regions and the quiet Sun show no such pattern.
Solar Subsurface Flows
Flaring Active Region Quiet Sun
Acoustic modes are excited near the solar surface and travel through the interior, and they are advected by flows. To measure flows below the solar surface, we track a patch on the solar disk in GONG Dopplergrams for a given time (8 hours or one day) and calculate a 3-D power spectrum. 2-D slices at a given temporal frequency show rings. The shift of these rings in spatial frequency is a measure of the subsurface flows.
We show GONG magnetograms for two consecutive days that include active region 10808. This region was very flare-prolific producing several C-, M-, and X-class flares during the disk passage.
The subsurface flows associated with such an active region are highly twisted as shown in the schematic illustration below. On the spatial scales of the analysis used here, the turbulent flows below such an active region are similar to a vortex ring or two smoke rings stacked on top of each other and with opposite sense of horizontal vorticity as indicated by the arrows. These flows twist the magnetic field lines depicted as an orange flux tube.
The horizontal subsurface flows (black arrows) from 24 hours of data at a depth of 7 Megameter (Mm) or 1% of solar radius. The errors are small near disk center and large near the limb (color background). The active region 10808 is noticeable as a location of enhanced error.
The flows derived from two consecutive 8 hour subsets show larger errors. Flows near disk center are similar to the 1-day flows, while flows near the limb are less reliably measured due to larger errors. Since active regions are restricted to mid-to low latitudes, this matters only near the eastern and western limb. Lower fill factor means larger errors (top: 86% fill; bottom: 100% fill).
The kinetic helicity density along a north-south slice at 232 o Carrington longitude from the surface to a depth of 16 Mm. The unsigned magnetic flux shows the location of the active region at 11 o South (line drawing).
The subsurface helicity shows a "dipolar" pattern, a characteristic of flareproductive active regions. The pattern is present in the 8-hour time series.
The four helicity panels show the results for time series of different lengths. Top: synoptic map, average over several days; 2nd: average over 1 day; 3rd: first 8-hour time series; bottom: last 8-hour series.
We repeat the analyis for a day of low solar magnetic activity. A magnetogram shows only a remnant of a decaying active region (11024) Helicity values at high latitudes are not significant due to large velocity errors.
In addition, we have analyzed 8-hour time series of two active regions (10759 and 10486) leading to similar helicity patterns. With these encouraging results, we intend to analyze the disk passage of several active and quiet regions for a quantitative comparison.
The flows derived from 8-hour time series are reasonable near disk center and less reliable near the limb. The errors are larger for shorter time series (as expected).
The "dipolar" helicity pattern, a characteristic of strong, flare-productive active regions, is present in the flows derived from 8-hour time series.
The subsurface helicity of quiet regions is considerably smaller without any pattern. These preliminary results are encouraging.
